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A p i l e - o f - p l a t e s  p o l a r i z e r  a n  
f o r  t h e  s p e c t r a l  r e g i o n  1200-1600A have been 
c o n s t r u c t e d  from c leaved  LiF p l a t e s  13 mm i n  
d iameter  and 0.3 t o  0.8  mm t h i c k .  Both p o l a r i z e r  
and a n a l y z e r  c o n s i s t  of i d e n t i c a l  c y l i n d e r s  
with 3/16 i ~ c h  a~ertl-zres and c o n t a i n  e i g h t  1 mm 
s l o t s  c u t  a t  an  ang le  of 60° t o  t h e  a x i s  of t h e  
c y l i n d e r .  The s l o t s  a r e  a r ranged  i n  t w o  opposing 
groups of f o u r  e a c h  t o  give a n  on a x i s  emergent 
beam. Measurements w i t h  a s i x  p l a t e  p o l a r i z e r  
gave p o l a r i z a t i o n s  of 82% and 65% a t  1200 and 

- 1 6 0 0 A  r e s p e c t i v e l y ,  The e f f e c t i v e  t r a n s m i s s i o n  
of t h e  p o l a r i z e r  was 4.3% and 21.5% a t  t h e s e  
t w o  wavelengths.  Performance c h a r a c t e r i s t i c s  
of t h e  p o l a r i z e r  w i l l  be  p re sen ted  and d i scussed .  

INTRODWTION * 
The importance of measurements u t i l i z i n g  p o l a r i z e d  

r a d i a t i o n  i n  g i v i n g  fundamental  i n fo rma t ion  concern ing  electro- 
magnet ic  i n t e r a c t i o n s  i n  a v a r i e t y  of  f i e l d s  has  been w e l l  
e s t a b l i s h e d .  Due t o  t h e  l a c k  of  s u i t a b l e  p o l a r i z e r s  f o r  
r a d i a t i o n  below 2000A and t h e  mul t i t ude  of  s i g n i f i c a n t  work 
which can  be done i n  more a c c e s s i b l e  r e g i o n s  of t h e  spectrum, 
few a t t e m p t s  have been made t o  e x p l o i t  p o l a r i z a t i o n  measure- 
ments i n  t h e  f a r  u l t r a v i o l e t .  
exper imenta l2  advances i n  so l id  s t a t e  u l t r a v i o l e t  spec t roscopy ,  

Recent t h e o r e t i c a l '  and 



. 

which have r e -  emphasized t h e  s i g n i f i c a n c e  of p o l a r i z a t i o n  
s t u d i e s  shou ld  soon d r a s t i c a l l y  change t h i s  s i t u a t i o n .  

The  p re sen t  paper  r e p o r t s  on a p i l e - o f - p l a t e s  p o l a r i z e r  
f o r  t he  r e g i o n  2000-1200A which was c o n s t r u c t e d  i n  o r d e r  t o  
c a r r y  o u t  measurements t o  de te rmine  and i d e n t i f y  i n t e r b a n d  
t r a n s i t i o n s  i n  non-cubic s o l i d s .  I n  t h e  absence of s u i t a b l e  
d i c h r o i c  m a t e r i a l s  below 2000A, B r e w s t e r  ang le  r e f l e c t i o n  and 
t r ansmiss ion  t echn iques  appear  most e a s i l y  e x p l o i t e d  f o r  t h e  
product ion of p o l a r i z e d  W r a d i a t i o n .  The p o l a r i z e r  t o  be 

desc r ibed  is a conven t iona l  t r a n s m i s s i o n  p o l a r i z e r  u s i n g  LiF 
p l a t e s .  The t r a n s m i s s i o n  technique  was chosen o v e r  t h e  more 
e f f i c i e n t  r e f l e c t i o n  method i n  order t o  g ive  a more a d a p t a b l e  
geometry f o r  f u t u r e  s p e c t r o s c o p i c  work. Once  l i n e a r l y  p o l a r i z e d  
r a d i a t i o n  has been produced i t  shou ld  no t  be t o o  d i f f i c u l t  
t o  c o n s t r u c t  q u a r t e r  wave p l a t e s  from s t r a i n e d  i s o t r o p i c  
m a t e r i a l s  t h u s  l e a d i n g  t o  t h e  product ion  of c i r c u l a r l y  p o l a r i z e d  
r a d i a t i o n .  Indeed p re l imina ry  c o n s i d e r a t i o n s  u s i n g  s t r a i n e d  
LiF i n d i c a t e s  t h a t  such  W o p t i c a l  e lements  a r e  f e a s i b l e .  The 
new a r e a s ,  e .g . ,  i n  o p t i c a l  pumping and o t h e r s  opened up  b y  
such  an advance should  be c o n s i d e r a b l e .  

DESCRIPTION AND RESULTS 
The LiF p i l e - o f - p l a t e s  p o l a r i z e r  was c o n s t r u c t e d  from t h i n  

p l a t e s  c l eaved  from a c y l i n d r i c a l  b l ank  13 mm i n  d iameter .  
P l a t e s  v a r y i n g  i n  t h i c k n e s s  f r o m  0.3 t o  0.8 mm w e r e  used. The 
p o l a r i z e r  and a n a l y z e r ,  which cou ld  be  r o t a t e d  whi le  under  
vacuum, c o n s i s t e d  of t w o  s t a i n l e s s  s t e e l  c y l i n d e r s  3.00" long  
and 0.562" i n  d iameter  having a 3/16" a x i a l  ho le .  Each c y l i n d e r  
con ta ined  e i g h t  s l o t s  c u t  a t  30° t o  t h e  a x i s ,  g i v i n g  an ang le  of 
inc idence  of 60°, and ar ranged  i n  two opposing groups of  f o u r  
each  t o  i n s u r e  an on-axis  emergent beam. A s  is w e l l  known , 
optimum performance is o b t a i n e d  w i t h  s u c h  p o l a r i z e r s  when t h e  
a n g l e  of i n c i d e n c e  j u s t  exceeds t h e  B r e w s t e r  ang le ,  S ince  
t h i s  angle  f o r  LiF a t  1200A is 58O40' wh i l e  t h a t  a t  2000A is 
55O41' , an  i n c i d e n t  ang le  of  60° r e p r e s e n t s  a good compromise. 
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Measurements w i t h  the p o l a r i z e r  have been made ( a )  t o  

de termine  its working c h a r a c t e r i s t i c s ,  (b) t o  determine t h e  

p o l a r i z a t i o n  of the  monochromator used and ( c )  t o  e x p l o r e  
the  p o l a r i z a t i o n  dependence of t h e  f a r  W ref lect ion peaks 
r e c e n t l y  observed  for  c r y s t a l s  w i th  t h e  w u r t z i t e  s t r u c t u r e  
The measurements concern ing  the o p e r a t i n g  c h a r a c t e r i s t i c s o f  the  

p o l a r i z e r  w i l l  be  d i scussed ,  
F i g u r e  1 shows t h e  p o l a r i z a t i o n  c h a r a c t e r i s t i c s  of the  

dev ice  f o r  s i x  and f o u r  p l a t e s . ,  The theoretical  v a l u e s  p e r t a i n  
t o  the t w o  s t a n d a r d  e x p r e s s i o n s  g i v i n g  the p o l a r i z a t i o n  f o r  
such  p o l a r i z e r s  depending on whether or not  i n t e r n a l l y  reflected 
beams a r e  inc luded  i n  the t r a n s m i t t e d  beam S ince  the i n t e r n a l l y  
reflected beams c o n s i s t  e n t i r e l y  of r a d i a t i o n  p o l a r i z e d  perpendic-  

t h e y  a r e  inc luded  i m t h e  a n a l y s i s .  The f a c t  t h a t  the  measured 
p o l a r i z a t i o n  is close t o  t h a t  c a l c u l a t e d  u s i n g  t h e  s imple  
e x p r e s s i o n  i n d i c a t e s  t h a t  i n t e r n a l l y  reflected beams w e r e  v i r t u a l l y  
e l i m i n a t e d  by t h e  n a t u r a l  wedging and f ann ing  of t h e  p l a t e s .  
For comparison a pe rcen t  p o l a r i z a t i o n  of 80% corresponds  t o  a 
r e j e c t i o n  r a t i o  10 /~go = 9/1 w h i l e  50% p o l a r i z a t i o n  cor responds  

The e f f e c t i v e  t r ansmiss ion  of t h e  p o l a r i z i n g  p l a t e s  is 
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shown i n  F ig ,  2. The d a t a  a r e  p l o t t e d  so t h a t  t h e  maximum 
t r a n s m i s s i o n  expec ted  is 50%, i o e o ,  t h e  t r a n s m i s s i o n  invo lved  
is t h e  r a t i o  of t h e  t r a n s m i t t e d  p o l a r i z e d  r a d i a t i o n  t o  t h e  

i n c i d e n t  unpo la r i zed  r a d i a t i o n .  I n  order t o  i n s u r e  t h a t  the  

effects observed were due t o  p o l a r i z e d  r a d i a t i o n  and n o t  
t r a n s m i s s i o n  e f f e c t s  a r i s i n g  from t h e  r o t a t i o n  of t h e  p l a t e s ,  
t h e  a n g u l a r  e x t i n c t i o n  dependence of t h e  p o l a r i z e r  and a n a l y z e r  
was measured f o r  s e v e r a l  wavelengths,  The r e s u l t s  a r e  shown i n  
F ig .  3 and compared t o  t h e  expected c o s i n e  squared  dependence. 
The agreement w i t h  t he  cos ine  squared  cu rve  shows t h a t  a high 

degree of p o l a r i z a t i o n  was indeed produced. 
Although the monochromator used f o r  the measurements 

o p e r a t e d  a t  normal inc idence  so  t h a t  t h e  e x i t  beam s h o u l d  be 
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unpo la r i zed ,  t h e  nove l ty  of t h e  W p o l a r i z e r  sugges t ed  t h a t  a 
d i r e c t  conf i rmat ion  of t h i s  f a c t  would be d e s i r a b l e .  The 
r e s u l t s  of t h i s  measurement showed t h a t  t h e  maximum apparent  
p o l a r i z a t i o n  of t h e  beam was i n  t h e  range 1-2 pe rcen t .  S ince  
changes i n  t r ansmiss ion  of t h e  p o l a r i z e r  due t o  i r r e g u l a r i t i e s  
i n  t h e  c leaved  p l a t e s  could  e a s i l y  amount t o  t h i s  much, i t  was 
concluded t h a t  the beam was comple te ly  unpo la r i zed .  It  would 
be of cons ide rab le  i n t e r e s t  t o  r e p e a t  t h i s  measurement on Seya 
and g raz ing  inc idence  instr.uments. 

SUMMARY 
A p i l e - o f - p l a t e s  p o l a r i z e r  f o r  t h e  2000-1200A r e g i o n  has  

been c o n s t r u c t e d  and shown t o  be adequate  f o r  a wide range  of 
p o l a r i z a t i o n  s t u d i e s  beyond t h e  l i m i t  of  a v a i l a b l e  p o l a r i z e r s .  
Opt imiza t ion  of t h e  q u a l i t y  and p o s i t i o n  of p l a t e s ,  e . g o ,  
by us ing  po l i shed  r a t h e r  t han  c l eaved  s u r f a c e s  shou ld  markedly 
i n c r e a s e  t h e  performance of t h e  dev ice .  Measurements of r e f l e c t i o n  
s p e c t r a  of c r y s t a l s  having t h e  w u r t z i t e  s t r u c t u r e  have been 
c a r r i e d  out' u s i n g  t h e  p o l a r i z e r  and i n d i c a t e  t h a t  a t  l e a s t  i n  
one f i e l d ,  i . e . ,  W s o l i d  s t a t e  spec t roscopy ,  s i g n i f i c a n t  new 
r e s u l t s  can be ob ta ined ,  I t  is a n t i c i p a t e d  t h a t  t h e  use  of t h e s e  
p o l a r i z e r s  w i l l  l e a d  t o  an e x t e n s i o n  of o t h e r  v i s i b l e  o p t i c a l  
t echniques  such  a s  o p t i c a l  pumping and t h e  s t u d y  of o p t i c a l  
abso rp t ion  of i o n s  l o c a t e d  i n  a n i s o t r o p i c  c r y s t a l l i n e  f i e l d s  
i n t o  t h e  vacuum u l t r a v i o l e t .  
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FIGURE CAPTIONS 
I 

Figure  1 - S p e c t r a l  dependence of t h e  p o l a r i z a t i o n  of LiF  
Io and 190 are t h e  p i l e - o f - p l a t e s  p o l a r i z e r s .  

t r a n s m i t t e d  i n t e n s i t i e s  w i t h  the  p l ane  of inc idence  
of the  ana lyze r  p a r a l l e l  and pe rpend icu la r  r e s p e c t i v e l y  
t o  t h e  p l ane  of inc idence  of t h e  p o l a r i z e r  . I 5 

Figure  2 - S p e c t r a l  dependence of t he  e f f e c t i v e  t r a n s m i s s i o n  
~ of LiF  p i le -of  - p l a t e s  p o l a r i z e r s .  The r a t i o  of t h e  

i n t e n s i t i e s  of t h e  p o l a r i z e d  t r a n s m i t t e d  beam t o  t h e  

unpolar ized  i n c i d e n t  beam is p l o t t e d .  

F igure  3 - Angular e x t i n c t i o n  c h a r a c t e r i s t i c s  of 8 LiF p i l e - c f -  
I p l a t e s  p o l a r i z e r .  The measured va lues  f o r  t h e  

wavelengths  l i s t e d  a l l  f a l l  w i t h i n  t h e  f lags  shown 
on t h e  p l o t t e d  p o i n t s .  
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